Half of the world's population lack access to adequate primary health care, and two thirds lack access to orthopaedic care. Globally, the need for health care outstrips the available resources. This problem is compounded in the developing world by a lack of trained medical personnel, a lack of medical facilities, and, in many regions, an inability to access existing facilities. There is little specific epidemiologic data about the exact burden of musculoskeletal disease in these countries, but most agree that it is reasonable to assume that it will increase. In the least developed and developing nations, problems with access are related to fundamental issues such as infrastructure, physical facilities, equipment, and trained
Two thirds of the world's 6 billion persons live in countries defined as "developing" by World Health Organization standards. Approximately half of the world's population lack access to adequate primary health care. As a result, life expectancy in developing countries is about 52 years of age, compared with 80 to 82.5 years in the world's most economically advanced nations. 1 Globally, the need for health care outstrips resources, and the problem is compounded in the developing world by a lack of trained medical personnel, a lack of medical facilities, and, in many regions, an inability to access existing facilities. 2 Current trends indicate an epidemiologic shift from predominantly infectious and nutrition-related diseases to noncommunicable and degenerative diseases. Improved nutrition, better standards of living, and progress in health care will lead to aging of the population in the developing countries. This transition is driven by successful infection control programs and a population shift from rural to urban areas. 1, 3, 4 However, accompanying the movement toward more urban populations is an increase in traumarelated injury and resultant disability.
Approximately two thirds of the world's population lack adequate orthopaedic care. The aging of the populations of developing countries and the increase in trauma-related injury will add to the already substantial burden of musculoskeletal disease throughout the world. Although solutions to most healthcare problems generally are dependent on economic development, the orthopaedic community can play an important role. Orthopaedists have much to offer in terms of educational resources, training of medical personnel, and development and dissemination of effective techniques and equipment for use in these areas.
Reflecting the growing concern about the tremendous worldwide burden of musculoskeletal disease, the current decade has been designated the "Bone and Joint Decade." The goals of the decade are to raise awareness of the burden of musculoskeletal conditions on society, empower patients to participate in decisions concerning their care, promote cost-effective prevention and treatment programs, and improve funding for research. Such focus should lead to innovative methods to begin remedying inequities of care that currently exist. If orthopaedic surgeons are to participate in solutions to the problem, it is important that they understand the uses for assessing the global disease burden as well as the expected trends in the worldwide prevalence of musculoskeletal disease and solutions that can potentially lead to more adequate care on a worldwide basis.
Socioeconomic Influence on Health Care
The availability of high-quality health care for a nation is related to its overall economic activity, and problems tend to be cyclical. 2, 3, 5 For instance, a heavy disease burden within a population leads to decreased per capita production, which in turn causes decreased economic development and therefore limits spending for health care.
The United Nations has classified countries on the basis of their stage of economic and social development as least developed, developing, transitional-economy, and developed 6 (Table 1) . Included in the list are 48 countries in the least developed category, 95 developing countries, 22 economies in transition, and 26 developed economies. This classification is based on such characteristics as gross domestic product per capita, the augmented physical quality of life index, and the economic diversification index. Gross domestic product is the total value of all goods and services that are produced by a nation in a specified amount of time. The augmented quality of life index was determined by using measures of life expectancy at birth, per capita caloric intake, school enrollment, and level of adult literacy. The economic diversification index reflects the percentage of manufacturing included in the gross domestic product, the percentage of the population employed in industry versus agriculture, per capita electricity consumption, and the export concentration ratio. Thus, the United Nations country classification is based on measures of economic activity, education, health, and worker productivity, all of which are closely related. Understanding these relationships is an important element in the process of developing methods for improving health care and decreasing disease burden.
In the developing countries, too few resources are available to be invested in the health-care sector, and the resources that are expended are frequently reserved for providing care for the wealthy. More prosperous economies attract physicians from poorer countries, further reducing the availability of health care in the areas that need it the most. It is so disproportionate that five countries-Australia, Canada, Germany, the United Kingdom, and the United States-have more than three fourths of the world's physicians. 1 It is estimated that 80% of the trained orthopaedic surgeons in the world live and practice in the 26 developed nations. 6 This disparity can be illustrated most strikingly by considering individual countries. For example, if the United States had the same orthopaedist-to-population ratio as Malawi, we would have only 30 orthopaedists. As a result, general physicians and surgeons, nurses, and surgical technicians must provide some musculoskeletal care in these countries.
Quantifying the Disease Burden
A standard unit of measure is needed to evaluate health-care effectiveness. Mortality as a measure establishes a clear end point, but it does not account for disability and lost worker productivity caused by injuries and disease. Mortality rates for particular causes are not available for most developing countries; even when they are, it is possible that epidemiologists exaggerate the prevalence of particular diseases in an attempt to gain scarce resources. 1 Furthermore, many methods of measuring health status cannot compare the cost-effectiveness of different interventions in terms of cost per unit of disease.
The lack of reliable statistics is a major impediment to the development of effective policies for the care of musculoskeletal conditions. To address this issue, researchers have developed several measuring systems that take into account early mortality and disability. The disabilityadjusted life-year (DALY) was used in the Global Burden of Disease Project as a means of standardizing health status across cultures 1 ( Table 2) . One DALY is 1 lost year of healthy life resulting from disability or premature death. 1 The quality-adjusted life-year (QALY) is a measure of the quality gained through programs that intervene in fatal and nonfatal conditions. 7 Each year of life is adjusted for its value or quality. For example, a year in which a person is bedridden may be valued at 0.3 QALY, whereas a year in which a person is perfectly healthy is valued at 1 QALY. Two other terms-"years of healthy life" and "healthy lifeyears"-similarly measure quality of life. 7 Although all of these measurement systems have advantages and disadvantages, they at least provide a framework for evaluating changes in the health status in developing nations and the effects that may result from new healthcare initiatives. For example, polio immunization campaigns, which have been conducted in every country in which polio is endemic, reduced the burden of disease due 
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Access to Health Care
Access to health care is a global concern, especially in developing countries. In the least developed and developing nations, problems with access relate to fundamental issues such as infrastructure, physical facilities, and availability of equipment and trained personnel. Infrastructure issues include lack of transportation to health-care facilities and lack of means to communicate with health-care providers.
Patients may be unaware that medical services are available, or the travel necessary to access these services may be too arduous or unavailable. Civil unrest or ongoing warfare with neighboring countries may also preclude such travel. Furthermore, most cultures in developing nations have a traditional medical system that is the first point of contact after illness or injury, and a social stigma may be attached to circumventing this traditional system, which may delay or preclude access to conventional treatment. However, inadequate facilities and a lack of trained personnel are the most common deterrents to healthcare access in much of the world.
The Global Burden of Musculoskeletal Disease
The exact severity of the global burden of musculoskeletal disease has not been determined. The US data have been compiled in an American Academy of Orthopaedic Surgeons (AAOS) publication titled Musculoskeletal Conditions in the United States. 9 The Global Burden of Disease Project, sponsored by the World Health Organization and the World Bank, gives estimates of types of diseases and injuries and is useful in projecting future changes in the prevalence of musculoskeletal conditions. 1 Efforts in conjunction with the Bone and Joint Decade are currently under way in an attempt to obtain more accurate data. Information from this monumental project is fundamental to providing solutions to the worldwide problems related to bone and joint diseases. The nature of musculoskeletal disease is quite different in the developed countries than in the rest of the world. In developing countries, the predominant orthopaedic concerns are related to late presentation of traumatic injuries, neglected congenital deformities, and the sequelae of infectious diseases (e.g., hematogenous osteomyelitis, polio, tuberculosis, and leprosy). 10 These are currently the most frequently encountered problems despite epidemiologists' predictions for change based on economic progress. Many children are deprived of normal physiologic development because of malnutrition, congenital anomalies, and the secondary effects of infection. This may lead to chronic musculoskeletal problems that result in disability in adulthood. Although the number of cases has decreased in the past decade, it remains a significant disease burden. The worldwide incidence of polio reported in 1998 was 213,000 cases. 6 The sequelae of the various types of trauma is a major concern for all countries. The rate of involvement is likely to increase markedly in developing and transitional-economy nations as a result of both advancing industrialization and increasing availability of motorcycles and automobiles. 1 Patients with chronic bone and soft-tissue infections after open fractures, nonreduced dislocations, malunions, and nonunions may eventually present for treatment but frequently only after long delays. This adds complexity to treatment and increases the overall burden on the society for treating these problems.
The economic and social burden resulting from military activity unfortunately extends well beyond military casualties. Injuries to civilian populations from land mines and gunfire place tremendous demands on health-care systems, which are already suffering from the inevitable results of war. Healthcare facilities may be further devastated as financial resources are diverted from health care to support war efforts. 11 Additionally, healthcare facilities may themselves be tar- 12 Many of these injuries occur on civilian transportation routes and in food-producing areas. Removing mines to create safe areas is both time-consuming and expensive. Injuries from these devices continue for many years after the primary conflict has ceased and in spite of the political efforts to ban their production and use.
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Trends in Disease Burden
The relative distribution of causes of death differs markedly between developed and developing countries (Table 3) . Of special interest to orthopaedic surgeons is the prominence of tuberculosis, the sequelae of traffic accidents, and congenital anomalies as a cause of death in developing nations. On consideration of the changes that are expected to occur between 1990 and 2020 (Table 4) , it becomes clear that the proportion of the total disease burden that is due to musculoskeletal conditions will increase in the next several decades. It has been predicted that the percentage of diseases of infectious, maternal, perinatal, or nutritional origin will decrease as the percentage of the disease burden due to noncommunicable diseases and trauma increases.
Driving this trend is the global shift from rural to urban living, the overall aging of the population, and the increase in trauma-related injuries. The rural-to-urban population shift brings with it lifestyle changes, which result in increasing numbers of industrial accidents and acts of criminal violence. The incidence of communicable diseases, such as polio, may decrease as the population becomes more concentrated near points of access to medical care. However, the number of new tuberculosis cases often paradoxically increases as populations coalesce in urban centers, which makes transmission easier. 13 The unprecedented current growth of the aging population in both developed and developing nations puts demands on international, national, and private health-care resources. There has been a constant increase in the average age of the population, especially in developing countries. An increase by as much as 300% in the number of persons over the age of 65 is projected in developing countries by 2025. 6 This rapid growth in the absolute number of older persons will cause an increase in the number of patients suffering from degenerative diseases, such as arthritis and osteoporosis. In fact, the number of fractures related to osteoporosis worldwide has nearly doubled in the past decade, and almost 40% of women over the age of 50 years will suffer at least one. 6 Globally, there were 1.7 million hip fractures in 1990, and it is estimated that there will be 6.3 million in 2050. This increase is secondary to the absolute increase in the number of elderly persons worldwide. Because 80% of the world's population now lives in the developing world, the extremely large potential for increased longevity in those countries will fuel the rapid increase in diseases specific to an aged population. 6 Data compiled in the United States have revealed that chronic musculoskeletal conditions, such as osteoarthritis, rheumatoid arthritis, gout, osteoporosis, low back pain, and other joint and softtissue diseases, are the leading causes of disability, affecting approximately 40 million persons in 1995 and a projected 60 million persons in 2020. 6 Although no comparable data exist for developing countries, a similar increase in disease prevalence is expected. The incidence of trauma-related deaths remains consistent, accounting for about 2% of total deaths in developing and developed nations. This rate will likely increase as motor vehicle travel and industrialization increase in developing nations. It is anticipated that traffic accidents will rise from the ninth most common cause of permanent disability to the third as a result of the urbanization of the population. 6 If the predicted decline in communicable diseases in developing countries occurs, the relative proportion of trauma-related injuries will rise sharply. In fact, it is expected that by 2010 nearly 25% of the health-care resources of developing countries will be spent on traumarelated care necessitated by traffic accidents, war, and violence. 1 Currently, military activity and the landmine problem contribute substantially to both death and disability in developing countries, where the health-care infrastructure is least able to deal with the resulting injuries. 11
Possible Solutions to the Worldwide Problem of Musculoskeletal Disease
It is difficult to conceptualize an expedient solution to the overwhelm- Developed countries cannot export enough equipment and personnel to substantially reduce the global burden of musculoskeletal disease in developing countries. The challenge is to improve regional medical care by providing resources that will remain available at that location and within that culture. 16, 17 Education is the most effective method of providing a sustainable solution. Through educational programs, local people can be taught how to develop and lead their own health-care systems. For example, an orthopaedic surgery training program in Indonesia was begun as a cooperative effort between the Indonesians, the Australian Orthopaedic Association, and the Orthopaedics Overseas program in the United States. Educational support was provided to start residency training programs in several Indonesian centers. The first native certified orthopaedic surgeons in that country constitute the beginning of a network of musculoskeletal care that is now available throughout the country. Today, there are close to 100 trained Indonesian orthopaedists, and the Indonesian Orthopaedic Association runs its own orthopaedic training programs. Volunteer orthopaedists assist with the training of subspecialists in spine, hand, and pediatrics. This model has proved to be similarly effective in Bangladesh, Malawi, Ethiopia, and other countries.
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The AAOS has several programs devoted to educational support for developing and transitional-economy countries. The Visiting Faculty Program has participated in educational programs in 14 Central and South American countries and has presented four orthopaedic review courses. In addition, that group has contributed money and educational products to countries throughout the world. These activities are now being expanded through the AAOS Task Force on Humanitarian Activities.
The International Center for Orthopaedic Education, begun under the auspices of the American Orthopaedic Association, acts as a clearinghouse for worldwide educational activities. This program attempts to match institutions offering educational opportunities with applicants seeking educational or service experiences. As of April 1999, more than 2,700 applications from 84 countries had been processed. 15 There are numerous nonprofit organizations that seek volunteer help for training and service programs throughout the developing world. 18 For example, the International Committee of the Red Cross has provided artificial limbs for more than 81,000 amputees since 1979 and offers education about basic wound management, fracture healing, and amputation techniques. 12 Health Volunteers Overseas, through its subsidiary Orthopaedics Overseas, supports training programs in 10 countries.
A comprehensive list of other volunteer programs is available in the article by Goldsmith and Gundy. 19 With few exceptions, the objectives of these organizations are to train local health-care workers at all levels in their own environment, to provide sustainable and appropriate care so that the training programs become self-sufficient, and to ensure a continuing supply of competent health care personnel.
Providing care and teaching in areas of limited resources can be challenging. The focus of humanitarian efforts must be on education rather than direct patient care to achieve lasting effects. The education must be specific to the country's culture, resources, and religious beliefs. 20 There is a growing body of educational material addressing this issue, but more needs to be developed. Organized programs should be encouraged to assess the results of their treatment regimens and, when possible, to evaluate such variables as infection and nonunion rates, functional outcomes, and resource consumption. Currently, there are publications dealing specifically with orthopaedic care in developing countries, and the Health Volunteers Overseas Web site (http://www.hvousa.org) contains a reference list of pertinent materials gathered from journals throughout the world.
Summary
Musculoskeletal conditions are a common cause of severe long-term pain and physical disability. 6 Hundreds of millions of persons are affected worldwide. It is a global concern because of the rising prevalence of orthopaedic impairments and the inability of many nations to provide sufficient care. The problem is exacerbated by a lack of personnel and facilities in developing countries. This is compounded by both the general aging of the population worldwide, with the concomiJohn P. Dormans, MD, et al tant higher incidence of degenerative conditions, and the increasing prevalence of trauma. Preventive medicine, health education programs, and alternative health administration schemes will become more important in ensuring longterm care. Because the quality and availability of medical care are also related to a nation's economic wellbeing, sustainable gains in the level of health care are dependent on advancing the country's overall productivity and education. To generate effective solutions, it is necessary to acquire more definitive data specific to orthopaedic concerns in the developing world and then to tailor solutions that are both sustainable and appropriate for the economic and social environment.
